H K Makker, S T Holgate Abstract Background Conflicting views exist over whether responsiveness of the airways to hypertonic saline relates to nonspecific bronchial hyperresponsiveness measured by histamine or methacholine challenge.
The bronchoconstrictor responses to exercise and hypertonic saline are reported to be closely related, but the relationship between the symptoms of exercise induced asthma and airway responsiveness to hypertonic saline is not known. Methods In 29 asthmatic patients with a history of exercise induced asthma, the response to an ultrasonically nebulised hypertonic saline (3.6% sodium chloride) aerosol, measured as the volume of hypertonic saline laden air required to produce a fall in forced expiratory volume in one second (FEV,) of > 20% (PD20), was compared with the concentration of histamine (PC20; group 1) and methacholine (PC20; group 2) producing a 20% fall in baseline FEV, and exercise induced asthma symptom severity score (groups 1 and 2). The hypertonic responsiveness was determined in a doseresponse manner to a maximum dose of 310 1 and the exercise induced asthma symptom severity was scored on a scale of 0-5. Results Of the 29 patients, 23 (79%) were responsive to the hypertonic saline, with PD20 values ranging from 9 to 310 1. A significant correlation was found between the PD20 hypertonic saline and the exercise induced asthma symptom score. There was no significant correlation between the PD20 response to hypertonic saline and the histamine PC20 or methacholine PC20. The exclusion of those subjects who failed to respond to hypertonic saline improved the relationship between hypertonic saline and methacholine PC20. No significant correlation was found between the exercise induced asthma symptom score and histamine PC20 or methacholine PC20.
Conclusion These findings suggest that hypertonic saline responsiveness bears a closer relationship to the severity of exercise induced asthma symptoms than to the non-specific bronchial hyperresponsiveness measured by histamine or methacholine reactivity.
(Thorax 1993;48:142-147) Exercise frequently induces bronchoconstriction in asthmatic subjects. It has been suggested that exercise induced asthma results from a transient increase in the osmolarity of the airway periciliary lining fluid caused by the high rate of water loss from airways during conditioning of inspired air to body temperature and full humidity.' A number of studies have shown that challenge of asthmatic airways with hypertonic saline aerosol produces a reduction of 20% or more in the forced expiratory volume in one second (FEV,) in 70-100% of asthmatic subjects, confirming that hyperosmolarity is a potent stimulus for bronchoconstriction. 6 The bronchoconstrictor response to exercise and hypertonic aerosol are reported to be closely related.6 At least one component thought to contribute to the magnitude of the exercise response in asthma is the underlying level of non-specific bronchial hyperresponsiveness. While some studies have shown a correlation between the two responses,7 8 others have not.69 Conflicting views also exist over whether responsiveness of the airways to hypertonic saline relates to bronchial hyperresponsiveness measured by histamine or methacholine challenge. Smith et al5 showed a significant correlation between the methacholine reactivity and the hypertonic response in a group of asthmatic subjects with moderate to severe bronchial hyperresponsiveness (mean PD2, methacholine, 0-68 ,umol).
Belcher et a16 have reported similar results for histamine. Using a quantitative method to determine the hypertonic saline response in asthmatic subjects and a wider range of methacholine reactivity, Boulet et al, however, could not establish any correlation between the hypertonic saline response and methacholine reactivity.4
In this study we have assessed the contribution of non-specific bronchial hyperresponsiveness to the hypertonic saline response in asthmatics by re-examining the relationship between the hypertonic saline response and histamine and methacholine reactivity. We have also studied the relationship between the perceived severity of symptoms of exercise induced asthma and airway responsiveness to hypertonic saline, histamine, and methacholine.
Methods

PATIENTS
Twenty nine asthmatic patients (17 male, 12 female) of mean (SE) age 29-6(1 7) years, Relation of the hypertonic saline responsiveness of the ainvays to exercise induced asthma symptom severity and histamine or methacholine reactivity 143 with a clear history of exercise induced asthma, participated in the study. The provocative volume of hypertonic saline laden air required to induce a 20% fall in FEV, (PD20) was calculated by linear interpolation.
DATA ANALYSIS
The patients were randomised according to random number allocation. They were ranked according to their response to the hypertonic saline, histamine and methacholine challenge, and the exercise induced asthma symptom severity score. The degrees of correlation between the PD20 hypertonic saline, the PC20 histamine and methacholine, and the exercise induced asthma symptom score were examined by Spearman's rank correlation. The correlations were made with the Spearman's correlation coefficient because we were able to include all patients in the analysis by ranking those who did not respond to hypertonic saline (Nos 14, 15, 27, 28, and 29) equal last. A level of p<0 05 was taken as significant.
Results
Hypertonic saline produced bronchoconstriction amounting to a reduction of at least 20% of the baseline FEV, in 23 (79%) of the 29 patients; PD20 values varied from 91 to 310 1 (figure). A highly significant correlation was found between the response to hypertonic saline measured as the PD20 and the exercise induced asthma symptom score (rs=05; p=0-002). GROUP 1 The histamine PC20 values ranged from 0-19 to 13-7 mg/ml (geometric mean 1-16 mg/ml). Thirteen of the 15 subjects (87%) responded with a fall in FEV, of 20% or more with hypertonic saline challenge (PD20 range 9-295 1). The correlation between PD20 hypertonic saline and exercise induced asthma symptom score (rs=027, p=0 15) did not reach significance. The correlation between PD20 hypertonic saline and PC20 histamine was not significant (rs=0 05, p=043). No correlation could be found between the exercise induced asthma symptom score and PC20 histamine reactivity (r=0-17, p=0 26). GROUP 2 The methacholine PC20 ranged from 0 04 to 14-5 mg/ml (geometric mean 0-77 mg/ml). Ten of the 14 subjects (71%) responded to the hypertonic saline (PD20 range 25-310 1). There was a significant correlation between hypertonic saline PD20 and exercise induced asthma symptom score (rs=0 62, p=0 008) in this group. No correlation could be established between PD20 hypertonic saline response and PC20 methacholine (rs 0-26, p=0 18). On removal of the subjects who did not respond to hypertonic saline, however, there was a trend towards a significant relationship between hypertonic saline and methacholine responsiveness (rs=0 52, Relation of the hypertonic saline responsiveness of the airways to exercise induced asthma symptom severity and histamine or methacholine reactivity 145 The failure of this study to detect a relationship between bronchial hyperresponsiveness and hypertonic saline response may be due to the relatively small number of subjects used in each part of the study. Such a study would therefore only be likely to detect a strong rela-.
tionship and the possibility that a weaker relationship does exist has not been excluded, *_____________________________ nor has a relationship applying only to a sub3o6 9 12 15 group of subjects such as those with severe bronchial hyperresponsiveness.
Ranked PC20 methacholine
The exact mechanisms of hypertonic saline induced bronchoconstriction are not known. . No significant relation could be muscle. '6 In the case of histamine, the con-I between the exercise induced asthma strictor response is due to a combination of ttom score and the methacholine reactiv-smooth muscle contraction both directly and S=0-12, p=0-33).
indirectly through neural reflexes and microvascular leakage, all involving HI receptors. '6 In view of the different mechanisms of ussion action of hypertonic saline, histamine, and is study we failed to find any significant methacholine in evoking bronchoconstriction, onship between the level of airway it is not surprising that a relationship between nsiveness to hypertonic saline and non-the former probably indirect and the latter fic bronchial hyperresponsiveness mea-more direct stimuli could not be found.
with histamine or methacholine. A In previous studies severity of asthma has ar result has also been shown by Boulet lation between the asthma history score and PC20 histamine than between asthma score and any spirometric test in asthmatic subjects who were apparently free of airway obstruction at the time of testing. Similarly, exercise induced bronchoconstriction has been shown to correlate with wheezing score, but not with pre-exercise PEF. '2 In the present study we have shown a relationship between the exercise induced asthma symptom score and bronchial responsiveness to hypertonic saline, histamine, and methacholine. The close relationship observed between the exercise induced asthma symptom score and the hypertonic saline response confirms the findings of Belcher et al,6 who showed a significant correlation between the level of hypertonic responsiveness and exercise induced bronchoconstriction. The failure of our study to show an association between a symptom score for exercise induced asthma and both histamine and methacholine responses adds to the view that exercise induced asthma is a more complex expression of airway hyperresponsiveness than the simple measurement of histamine or methacholine PC20. While there are studies showing a correlation between exercise induced asthma and histamine and methacholine reactivity, these have always been conducted on selected patient populations.78 When subjects were selected from the community on the basis of respiratory symptoms alone, the degree of bronchoconstriction provoked by exercise failed to relate to methacholine responsiveness. 9 The significant correlation observed between the exercise induced asthma symptom score and hypertonic saline response, compared with the lack of association between the symptom score for exercise induced asthma and both histamine and methacholine response, is probably partly due to the larger number of subjects in the hypertonic saline group. We therefore examined the correlation between exercise induced asthma and hypertonic response in the two subgroups; no significant correlation was found in the histamine subgroup (group 1), but in the methacholine subgroup the correlation was still significant (group 2). However, in both subgroups the relationship between exercise induced asthma symptom score and hypertonic saline was closer than the relationship between exercise induced asthma symptom score and both histamine and methacholine response. Further studies with larger numbers of patients are needed to confirm these findings.
The response rate of 79% to hypertonic saline challenge in subjects with a history of exercise induced asthma is similar to that reported in other studies. 
